ABSTRACT
PM fracture may occur as part of any rotational mechanism, and fragment size varies. Large fragments are often associated with posterior fracture dislocation of the ankle and can be difficult to keep in reduced position. PM is significant stabilizer preventing posterior subluxation of the ankle; however, primary restraint to posterior forces is the anterior tibial fibular ligament and the fibula. In general, most PMF tend to be small, laterally based fragments, still connected to the posterior tibiofibular ligament. [5] Optimal treatment of ankle fractures, including PMF, has not been fully established.
[6] While surgical treatment of displaced fractures of the medial and lateral malleolus is common, [7] when PM is also fractured, the trimalleolar pattern, necessity for fixation of that fragment is less clear. 
INTRODUCTION
Ankle fractures are relatively common, with an incidence of roughly 187 fractures per 100,000 people each year. [1] Posterior malleolus fracture (PMF) occurs in 7% to 44% of all ankle fractures, most in the setting of rotational ankle fractures, [2, 3] and are rarely seen alone. [4] tibia and the talar dome, as well as in posterior stability, especially when lateral restraints are injured. [8, 9] Furthermore, several authors have suggested that arthritis is triggered by change in stress distribution on the articular surface, which is caused by change in the articular surface area at the distal end of the tibia and talar dome after PMF. [2, 6, 10] Based on biomechanical, cadaveric, and small population studies, fragment size is frequently cited as one of the main indications for fixation with thresholds for surgery ranging from 25% to 33% of the anteroposterior (AP) dimension of the articular surface. [2, [10] [11] [12] [13] However, thus far there has not been any strong clinical evidence and no consensus.
Aim of this retrospective, clinical cohort study was to evaluate radiographic osteoarthritis (OA), function, and pain in patients who had operative treatment for trimalleolar ankle fracture.
MATERIALS AND METHODS

Patients and Inclusion Criteria
In all, 65 cases of ankle joint fracture involving PM that were treated with open reduction and internal fixation regardless of the size of fracture between January 2006 and December 2012 at our institution with a minimum follow-up of 2 years were reviewed retrospectively.
Inclusion criteria were (1) definitive diagnosis of unilateral ankle joint fracture based on clinical and imaging technologies, (2) open reduction internal fixation surgery performed by the same senior author, (3) involvement of PM, and (4) presence of complete clinical follow-up data.
Total of 57 of the 65 patients who met criteria for the study agreed to participate and were seen at outpatient clinic. Physical examination was performed, X-rays (mortise, AP, and lateral radiographs) were taken, questionnaires were discussed, and medical history and general patient characteristics were evaluated.
Mean follow-up period was 44.6 months (range: 24 to 108 months). Right ankle fractures accounted for 36 of those studied and 21 were left ankle.
At time of hospital admission, each patient's demographic information, medical history (including any diagnosis of diabetes mellitus), and smoking history were recorded (Table 1) . Operative details (including tourniquet time) were recorded in database at time of surgery. Each patient's postoperative course, including incidence of postoperative complications (e.g., medical, surgical, thromboembolic, or genitourinary complications) and length of hospital stay, was also recorded. Postoperatively, all ankles were splinted and kept immobilized for 3 weeks. At that time, active-assisted ankle range of motion (ROM) exercise was initiated with referral to a physiotherapist. As general protocol, all patients did not bear weight on the injured extremity for 6 weeks and then advanced to weight bearing as tolerated.
Measurement and Evaluation Indices
Size of PM fragment was calculated as percentage of total distal tibial articular surface as measured in a straight line from anterior to posterior margins of articular surface on computed tomography (CT) scan (Fig. 1 ). All patients had been evaluated preoperatively with AP, lateral, and mortise X-rays, as well as 3-dimensional CT. To describe fractures, Müller AO Classification of fractures system was used (Table 1) .
Fracture union was defined as loss of fracture lines in PM. Post-traumatic arthritis imaging score on X-ray of ankle joint during follow-up was recorded and classified using the following scores:
0 indicated normal joint, 1 indicated osteophytes but no joint space narrowing, 2 indicated joint space narrowing with or without osteophytes, and 3 indicated disappearance or deformation of joint space. [14] Ankle-Hindfoot Scale of American Orthopaedic Foot and Ankle Society (AOFAS) [15] and American Academy of Orthopedic Surgeons (AAOS) foot and ankle questionnaire [16] were used to asses functional outcome. Both scores range from 0 to 100 points, where 0 is the worst result possible. AOFAS consists of questionnaire examining pain (40 points), function in daily living (28 points), ROM (22 points), and ankle alignment (10 points). AAOS questionnaire is comprised of 25 questions regarding experience of ankle disability in the past week. Visual Analog Scale (VAS) was used to quantify pain at time of survey when resting and walking (score 0-10 where 0 represents no pain and 10 indicates unbearable pain). Finally, general physical examination of the ankle was performed and ROM of the affected ankle was evaluated.
Restriction in dorsiflexion was compared with contralateral, uninjured side; difference was noted as dorsiflexion restriction. Greater dorsiflexion restriction reflects worse outcome.
Statistical analysis included mean value of ROM of ankle joint on affected and unaffected side. Paired samples t-test was used to compare ROM value between ankles. P value of <0.05 represented statistical significance.
RESULTS
Fifty-seven patients were evaluated. There were 36 females and 21 males, from 23 to 85 years of age (mean: 55.9 years). None of the patients had pre-existing ankle arthritis. Etiology was motor vehicle accident for 16 (28.1%) patients, fall from height for 18 (31.5%), and ground-level fall for 23 (40.3%).
In 46 cases, after anatomical reduction of lateral and medial malleolus, PM fixation was performed with 1 or 2 3.5 mm cannulated screws, from anterior to posterior in 35 cases (Figure 2) , and from posterior to anterior in 11 cases (Figure 3) . In remaining 11 cases, PM plate was used for fixation ( Figure 4 (Table 2) .
DISCUSSION
In recent years, there has been increased interest in fixing PMF fragments. [5, 7, 13] It is thought that it might reduce development of OA, which would ultimately result in better function. As of yet, however, there is no good scientific evidence of this.
Treatment of ankle fractures involving PM has been source of intense debate over the last several decades. Both nonoperative and surgical treatments have been proposed by many authors. Factors such as fragment size, joint congruity, and talocrural and syndesmotic stability have to be taken into account for optimal treatment of PMF. While some authors have found no differences in clinical outcomes and ankle stability in PMF treatment based on posterior fixation, others have found that reduction and fixation performed on large fragments yields better results. [2, 11, 17, 18] Furthermore, nonanatomical reduction of PMF leads to worse outcomes than non-operative treatment. [19] In this study, all PMF were fixed and there was normal reduction. Good clinical results were obtained compared to unaffected ankle, AOFAS assessment was excellent/good for all patients, at rate of 21/26, and mean AAOS score was 92, which is comparable to other studies of outcomes after ankle fracture. [20, 21] Mean VAS pain score was 1.1 when resting and 1.3 when walking (range: 0-10), which is also comparable to the literature. [20] PM is an important structure of the distal tibiofibular joint, as it provides osseous restraint for the distal fibula as well as stability of the syndesmosis through the posterior inferior tibiofibular ligament (PITFL) and inferior transverse ligament. The other important effect of stabilizing PM is to restore attached PITFL to anatomic position with appropriate tension and integrity. This may be important even for smaller fractures when joint stress transfer is not significantly altered. Gardner et al. reported that increased syndesmotic stability was obtained in simulated cadaveric pronation external rotation stage 4 fractures after fixation of posterior fragment compared with conventional syndesmotic screw fixation. [5] Another study suggested that CT scans might help to accurately determine size and anatomy of PM preoperatively. [22] In present study, all fractures were evaluated by CT scan preoperatively and size of fragment was measured on sagittal scan.
Restriction of dorsiflexion has been found to be significantly decreased compared with uninjured side. [23] In this study, we also found significant difference between injured and uninjured side when comparing dorsiflexion.
There is no consensus in the literature regarding fragment size of PMF that should be fixed. Minimum size of fragments fixed in the present study was 10%. Lindsjö et al. found significantly higher incidence of post-traumatic OA among patients with posterior fragments involving the tibial plafond (34%) than in fractures with small posterior fragments (17%) or no posterior involvement (4%). [11] Jaskulka et al. reported that even small PM fragments (tibial rim fractures) may increase risk of arthritis. [2] In our study, correlation between fragment size and arthritis was not evaluated. But score of arthritis was 0 or 1 on follow-up.
Limitations of this study include that there was no non-operative control group, and due to relatively small cohort, there was no comparison made between fragment size and results or between plate fixation and screw fixation. Retrospective nature of this study contributes to a certain amount of bias. Strengths of the study include that CT scan was used to measure size of fragments and results of minimum 2-year followup were evaluated.
Conclusion
In conclusion, unstable ankle fractures with PM involvement require surgical fixation. Fixation of even small PM fragments can facilitate rehabilitation by creating a more stable construction. This might stabilize the syndesmosis, and make early range of motion easier. Procedure offers benefit even in elderly patients where bone quality may make adequate fixation difficult.
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